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COMPLETE SPECIFICATION 
Process of and Toot for Expanding Tube Ends* 



We, 
British 



Babcocr & Whjcox Limited, a 
... ._ Company, of Babcock House, Farrrog- 
dnn Street, Lcndo^, E.C4, do hereby declare 



tike indention, (Comrramicatcd by Deutsche 
Babcock & wnxor Dampfkbssklwhekb 
A/G, a German Company, of Obcrhaoserjfr 
R Mnrisn d, Geunany), for which to pray 
apaterAn^begrmEted^pus, and the method 
by winch it is to be performed to be partfcur 
lady described it and by the fofiowiug 
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The present invention relates to a process 
of and tool for expanding tribe ends, applic- 
able for exatnpfe to the attachnleat of water 
tubes Id the steam and water dram of a water 
tube boiler. 

It is common practice to secure the ends 
of water tubes tp a boiler drum by fitting 
each tube end within a tribe hole in tie dram 
and then fflpanrifng plastically the tribe end 
withhx the tribe bote, so tjhat it remains firmly 
in contact with the wafi of the bote to provide 
a flrrioVtiggrt: joist. In order to improve the 
resistance to the tendency of the tribe, when 
tiie boSex Ja fa me, to pufc out of the drum, 
•the pet of tiie tdbe projecting into the drum 
is often belled out 

Several different methods of dbtafadrig the 
desi re d expansion have been used. According 
to one method* a t ool is used which rodudes 
a conical mandrel about which are spaced 
three corresponding tapered rollers, the tool 
being inserted in the tube end to be expanded 
with the axis of tj^e mandrej co-axial with the 
tube end and the mandrel bf*^g fed into th e 
tribe independently <rf the refl ets go that the 
reflets are displaced outwardly into contact 
with the inner surface of the tube* The man- 
drel la then contfaHWusly rotated and the rol- 
lers ate forced outwardly to expand tike tube 
end and fit the same time rorf progressively 
round and into the tribe. It has been found 
that with this method of expanding there is a 



tendency .for each point of the tube waO, after 
each passage of a xofier has caused an expan- 
sion, to spring back elasticaSy and thereby 
reduce the contact pressure be- 



(Fries *.6L] 



tween the tribe watt and the wafl of da tribe 
hole. (Furthermore, the structure of the tube 
metal is affimydj the metal becoming hardened 
by the alternating load. 

Attending to a second rather sanflar 
method, the tube is expanded by a tool having 
a tapered mandrel and xoSem in which the 
mandrel and the rollers rotate and move out- 
wardly towards the end of the tribe during 
tfaeexparwiingopeiatictt 
* According to a third method, a mandrel 
with a working surface having a diameter 
aEghdy greater than the inside diameter of the 
tribe is driven into the tribe end, so expanding, 
the tribe as it moves into it This memod baa 
certain practical dtfiBcrftics when applied ta- 
king tirb tubes, which tend to bucfie^ audi, 
(be removal of the t^and^ from jhe tSc. 
after the expanding operation often gives fl Bsch 

ttoriblfe ~7!L*. 

An cfcject of the present iuv^tio^ig^tie 
provision of an improve d methooT of rSol 
for expanding tube ends, "if 

The hrvetrunrt <nrf*idfs the process for t fri 
securing of a tube end within a tribe SStin 
a tube plate, which comprises expanajrlg a 
part of the tube into fluid-tight ccanact^with 
thewaB of the tube hole by the fardBIe 
puffing-out of a tribe Expanding tamber 
throu gh tiie said part of lite tribe end and 
simultaneously as a consequence of tfcprfling^ 
out effecting belling of the mouth of the free 
end of the tdbt into contact with the face 
of thetnbeplate, 

Hie inyenrion also ^ aHq^w a tribe end ex- 
panding tool suitable for the expanding of a 
tribe end within a tribe hole in a tube plate 
in which withdrawal mens are provided for 
the forcftje puffing«mt from inside the tube 
end of tribe **p«"dfag means adapted during 
w ithdr a w al to expand the part of the tribe 
within the tribe hole, and the withdrawal 
means are arranged during withd r aw al to 
operate belling moans which effect beflmg of 
the free end ct the tribe* 

The farvention wffl now be described, by 
way of example, with r efm e m y to the accent- 
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Figure 1 is a sectional side elevation of the 
forward end only of a tool for expanding and 
befiing tube ends arranged to operate on a 
tube end that extends through a tube plate; 
and 

Figure 2 is a view sunftg to Figure 1 but 
with the w nrfrfug parts in a different operat- 

T ftg pO S jt foo « 

In the drawings, a tube 1 extends through 
a tube hole 2 in a tnbe elate 3- with its inner 
end 4 projecting beyond the inner race 5 of 
^ h^i y ^iy f ifty f0 a distance eo ns! to about 
twice the wall thickness of <Jje tube. The toot 
Indicated generally by 10, fadndes a forward 
body part 11 trrmfafning in a bearing surface 
12 which, when the machine is fa use, is held 
firrnry against the part of ttAe plate inrn 'ft r 
face 5 which surrounds the tnbe end 4. A 
mandrel 14 mounted in "the body part 11 ex- 
tends axiaSy beyond the bearing surface 12 
And at tile T^n^^n opmfnt of the expanding 
operation lies in the fafriflf position shown 
in Figure 1 in which it extends into the tube 
1 Co a point beyond the tube plat e 3% At to 
inward or forward end the mandrel 14 is 
formed with an enlargement or head 15 ad- 
joining a part 16 that tapers rcarwardTy to a 
<g&d^cal part 17 beyond which a part 18 
. nf rnandrel is screw-threaded into an 
operating rod 19 which is coupled t» the pis- 
: ton of an hydraulic power device (not shown). 
&tz£$9Bp of four complementary expandin g 
35 ... mernhera 21 ore slidaoly mounted on the 
-.papered mandrel part 16 and may be moved 
-fronrTSie^tligned position shown m Figure 2, 
■ ^'ife-^Mcai ^g* 1 ^ parts thereof form a com- 
__3-pJete rina>aifce tube expann^ng surface 22> to 
40-?^ staggered position anown. m Figure 1 in 
-w hich o ne opposed pair of the members 21 
ii .offs et re ar vva i x Sy of <bc other pair ao that 
^eAsjpveraH radios of each member is reduced. 
TTk four members 21 axe held together and 
m rhe mandrel by a helical spring 24 that 
encodes part-cylirairical sections 25 of the 
four members. 

Sti&cbry monnted on the cylindrical part 
17 of the rnandrel is a movable stop 30 hi 
the form of a cube length having a cylindrical 
rearward portion: 31 which, is at 
the rnandrel part 17 a flared 
pazt 32 of such dimnrflrr at its forward end 
that it engages* the two rearmost expanding 
members 21 when they are at the rearward 
end of the tapered part 16 of the mandreL 
Secured to the rearward end of the portion 
31 is a boss & formed with a drcornferen- 
tfcury extending radial shoulder 34 that faces 
rearwardry of the mandreL Monnted on (be 
body part 11 axe catch means in the form 
of hat plungers such as the plungers 36 ao 
arranged aa to be slidflWe radtany and being 
biassed iowardiy by 
65 springs 37* These 
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to engage die boss 33 and are ao 
shaped at their inward ends that they 
restrain rearward movement of the shoulder 
34 past the plungers only outft the axial force 
on the stop 30 exceeds same predetermined 
value. 

Also mounted on the body part 11 is a 
circular row of eight tnbe end belling ele- 
ments 40 so guided in the body part 11 as 
to be capable, of radial movement only and 
Massed by springs such aa springs 41 inwardly 
into engagement with the stop 30. The inner 
side of each element 40 is provided with an 
inclined surface 42 ^ ^ in pfc rnftntary to the 
flared forward part 32 of die stop 30 so that 
as the part 32 moves rearwardry past 3he ele- 
ments 40 they are moved outwards in a radial 
direction. Each clement 40 fa formed with a 
forwardjy extending tongue 44 arranged to 
e x ten d within the tnbe end 4 but of - such 
length that its forward end is spaced from 
the tnbe plate face 5 by a distance somewhat 
greater than the thickness of the wall of the 
tube 1. 

To carry cut the expanding operation, the 
tool 10 is brought into position opposite the 
tnbe end to be expanded and the mandrel 
14 inserted into the tube id the posh ion shown 
in F3gure 1, ao that the bearing surface 12 
engages die tnbe plate face 5, the atop 30 
being set with its shoulder 34 foxwardly of-, 
the plungers 36, the e^ p^^fag members 21 
being towards the rearward end of the tapered 
part 16 of the mandrel 14 and the rearmost 
pair of the members 21 being in contact with 
the forward end of the stop 30. 

The mandrel 14 is now drawn rearward^ 
through the tool body , part 11 by operation 
of the hydraulic power device so that the ex* 
p"*ifag members 21 5 which are held against 
axial movement with the mandrel 14 by the 
stop 30* are caused to move outwardly into 
fron^f* with and to expand the part of tube 
1 which lies imroediately ontside the <ube 
plate 3. As tins takes place the forward pair 
jof the members 21 move slightly rearwardry 
too alignment with ahe other pair of the mem- 
bers 2L 

Once the head 15 of the mandrel 14 comes 
into contact with the expanding members 21 
force as transmitted directly from the mandrel 
to the stop, which is caused to move in a rear- 
ward direction so that the plungers 36 of the 
catch means ride over the shoulder 34. The 
expanding manners 21 and the stPp 30 move 
rearwardry with the mandreL jjbe members 21. 
effecting progressive expanding of the part of " 
the tube 1 which fies within the tnbe plate 3. 

Aa the members 21 approach the inner face 
5 of the tnbe plate 3 tne flared part 32 of 
the stop member 30 engages the inclined sur- 
faces 42 upon rhe eight belling elements 40 
and causes those elements to move outwardly 
radially so that their tongues 44 engage and 
bell outwardly tjbe projecting inner end 4 of 
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Ac tube 1. This bcffing operatise aids w hen 
tnbc expanding surface 22 comes into con- 
tact with the forward part of the earfacca 42, 
whatupui rearward movement of the mandrel 
«4*the to the tod 10 is pos&vrfy checked. 

The tool 10 is sow removed from ahe 
finished tribe, the mandrel returned fc> its far- 
ward position, die tribe «p«^ng ejemeats 
21 slid along tie tiered part 16 to drir 
rearward poidoos, and the 8Hop 30 restored 
to its forward posMork Tie tool may then 
^^^^^^^^^opanded. 

Toe machine described Is adapted to act 

To a pr es e lected size of ti&e, tie cHameter 
the cmanding surface 22 being appro- 
rniatriv related to the haemal diameter of Ae 
tube. If desired die head 15 of the mandrel 
mayfaemadeadjostafcfcaxiaHyQf the mandrel 
14;kthm6Wwasa^adqrt3Bdlwiinrt» 
movement of the expanding membm axiaSy 
of die tapered part of the mandrel to deter- 
mine the efecthe diameter ctf the expanding 
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members during the expanding cperataL and 
the position of the itt» bemg a&rtrife r*^ 
mits variation rf that dfectfve cHameter. Whai 
the head 15 is axiafly adftstsMe, it fe advan- 
tageous to adopt a jrfstgan^ Aq^ed, over- 
"^^ t ^^Jmfe r *** m( ^ members. 

1. P rocess far the securing of a *ribe end 
™™a tnbe hofe in the tribe plate, which 
ocmnracs expanding a part of the tube into 
flmd<tght contact with the waB of the tribe 
hole by the farcftle pnBing-out of a tribe ex- 

35 pandmg member through die sak) part of 
tte totbe and aminhaneonaay as a consequence 
of the pnfling^nt effecting befimg of the 
mouth of the free end of the tribe into con- 
tact wim the fac* of tl» tiAe plate. 

2. A tobe end expanding tool suitable for 
the expanding rf a tribe ad within a tribe 
hofematifeplat^wherem 
are provided for die fbocftfe puffln^ont from 
fame d ie tube end of tribe expanding means 
adapted during withdraw^ to expand the part 
of the tribe within the tifte hole, and the 
withdrawal means are arranged <fanfag with- 
drawal to operate belmg means wUch effect 
betting of tie tree end <rf the tribe. 

3. A tool as dahned in Chum 2, wherem 
the befling means c ompris e a circular row of 



tube end engaging dements which ere 
snanged to mow radially outwardly upon 
withdrawal of the <?rbe expanding means and 
so effect bcHing of the tribe enct 

4- A tool as claimed b Oasm 3-, wherein 
the tube expanding means Whirfe a plurality 
of expanding members feted about the peri- 
phery <rf a tapered part of the length of a 
mandrel which is irsentabfe axiaQy into due 
tribe to be expanded end foams part of the 
wWiwginttns, atop means axe arranged 
to ne within the tribe to be expanded at a 
forward initial position, catch means are 
arranged to restrain outward movement of the 
stop mean s from the initial position unless 
the octward force on the stop means qaoceda 
a predtiermined value, the atop means being 
arranged to restrain outward axial m o vement 
of die said members upon outward mov en i w i* 
of the mandrel only cutR the force exerted 
exce eds the pr fdftmnmtd TOhi^ and the tnbe 
adtaq^ging dements are arranged for en- 
gagement by inclined surfaces on the stop 
means whereby upon the mandirl moving the 
ex panding means and thus the stop means in 
an outward direction t hrough an appx op iia te 
distaneeapartof^ti^rteexn^bey^ 
***** Plate is engaged and belled out by 
the beHing means. 

5. A rnoi as claimed m Oahn 4, wherein 
the expan ding members ere held in close con- 
tact wbh .rlic tapered part of the mandreS by 
a r.i pHHpaggdng firing. 

6. A tool as daimed in Claim 4 or Oahn 
5 , whe rein a efiop provided on the mandrel is 
adapted by ftrnliing movemaat of the expand- 
ing members axfafiy of the tapered par* of 
the nra kd to determine the effective dia- 
meter of die "t^iyifig members during the 
expanding operation, and the position of the 
stop fa a dtustAfe to permit variation of that 
effective diameter. 

7. A tribe end expanding tool arranged and 
adapted to operate substantias? ea described 
heieiribcfore with reference to, and constructed 
substantially as shown m* the accompanying 
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Far tbe Applicants. 

A. G. 
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lESSSS^fS. 1 ^f"** Her Mkj«s*»e Stationery Offioo, oy tte CWer Pre*.— 1957. 
PoMM-d rt The P.ten» Office, 85, Southampton MWfc^* Sndon, W.OJ, from vhtih 

copies may bo obtained. 
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